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FREE MEMORY MANAGER SCHEME AND CACHE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This is a continuation of application Serial No. 09/740,670, filed December 18, 2000 
entitled 'TREE MEMORY MANAGER SCHEME AND CACHE" by Ranjit J. ROZARIO and 
Ravikrishna CHERUKURI. 

FIELD OF THE INVENTION 
[0002] The present invention generally relates to managing free memory space and more 
particularly to managing multiple memory banks in multiple memory channels. 

DESCRIPTION OF THE RELATED ART 

[0003] In general, memory managers are utilized to manage the allocation and de-allocation of 
available memory space (i.e., free memory space) in a memory device, such as RAMs, DRAMs, 
and the like. More particularly, the addresses of free memory space are typically stored as entries 
on a free list, which is stored on the memory device. A conventional memory manager allocates 
and de-allocates free memory space in the memory device by reading and writing entries from 
the free list. A conventional memory manager also generally includes a buffering and/or caching 
system to copy the free list or a portion of the free list to a buffer and/or cache. 

[0004] One conventional buffering/caching system for a memory manager is a ring buffer. In a 
ring buffer, the head (i.e., the highest address) and the end (i.e., the lowest address) of the buffer 
are linked together. A read pointer and a write pointer are typically used to read and write to the 
buffer from the head to the end of the buffer. When these pointers reach the end of the buffer, 
they are directed back to the head of the buffer. 

[0005] One disadvantage of conventional memory managers, such as those that use a ringer 
buffer, is that the memory device is accessed each time entries are read or written from the buffer. 
This can reduce the speed and efficiency of the memory device as well as the hardware and/or 
software system accessing the memory device. 
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SUMMARY OF THE INVENTION 

[0006] In accordance with one aspect of the present invention, free memory can be managed by 
creating a free list having entries with addresses of free memory location. A portion of this free 
list can then be cached in a cache that includes an upper threshold and a lower threshold. 

[0007] In accordance with another aspect of the present invention, a plurality of free lists are 
created for a plurality of memory banks in a plurality of memory channels. A free list is created 
for each memory bank in each memory channel. Entries from these free lists are written to a 
global cache. The entries written to the global cache are distributed between the memory 
channels and memory banks. 

DESCRIPTION OF THE DRAWING FIGURES 

[0008] The present invention can be best understood by reference to the following description 
taken in conjunction with the accompanying drawing figures, in which like parts may be referred 
to by like numerals: 

[0009] Fig. 1 is a block diagram of a line card; 

[0010] Fig. 2 is a block diagram of a packet processing ASIC (PPA); 

[0011] Fig. 3 is a block diagram of a portion of the PPA depicted in Fig. 2; 

[0012] Fig. 4 is a more detailed block diagram of a portion of the PPA depicted in Fig. 2; and 

[0013] Fig. 5 is a block diagram of a free list, a cache, and a global cache. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0014] In order to provide a more thorough understanding of the present invention, the 
following description sets forth numerous specific details, such as specific configurations, 
parameters, and the like. It should be recognized, however, that such description is not intended 
as a limitation on the scope of the present invention, but is intended to provide a better 
description of exemplary embodiments. 
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[0015] With reference to Fig. 1, a line card 100 is depicted. In accordance with one aspect of 
the present invention, line card 100 can be connected to various framer devices. As such, line 
card 100 can receive and send various types of signals, such as circuit-switched signals, packet 
signals, and the like. 

[0016] With continued reference to Fig. 1, line card 100 includes a line interface 102, a framer 
ASIC 104, packet processor ASICs (PPAs) 106, a packet mesh ASIC (PMA) 108, and a 
backplane interface 1 10. Line interface 102 can be configured to connect to any number of 
framer devices. Backplane interface 110 can be configured to connect to any number of 
additional line cards on a mesh, a common bus, and the like. As such, signals can be received 
from framer devices connected to line interface 102, then sent to other line cards through 
backplane interface 110. Additionally, signals from other line cards can be received through 
backplane interface 110, then sent to a framer device connected to line interface 102. 

[0017] As described above, line card 100 can receive various types of signals. Line card 100 
can also receive mixed signals, such as a mix signal of circuit-switched signals and packet 
signals. As such, line ASIC 104 can be configured to separate packet signals, then pass them 
onto PPAs 106 for processing. 

[0018] As also described above, signals can be received from line interface 102 and sent out 
backplane interface 1 10. Additionally, signals can be received from backplane interface 1 10 and 
sent out line interface 102. As such, in the configuration depicted in Fig. 1, one PPA 106 can be 
configured as an egress PPA, which handles signals being sent out line interface 102, and the 
other PPA 106 can be configured as an ingress PPA, which handles signals being received from 
line interface 102. It should be recognized, however, that a single PPA 106 can be configured as 
both an egress and an ingress PPA. It should be further recognized that line card 100 can be 
configured with any number of PPAs 106 configured as any number of ingress and egress PPAs. 

[0019] After a packet is processed by the ingress PPA 106, it can then be sent out on backplane 
interface 1 10 by PMA 108. When a packet is received on backplane interface 1 10, it can be 
forwarded by PMA 108 to the egress PPA 106. The packet is then processed and sent out 
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through line interface 102. As noted above, a single PPA 106 can be used as both an ingress and 
an egress PPA. 

[0020] With reference now to Fig. 2, PPA 106 is shown in greater detail. More particularly, 
PPA 106 includes LIP (Line Interface Protocol) interfaces 202, an input DMA 204, an input- 
descriptor queue 206, a memory controller 208, a Free Memory Manager (FMG) 210, memory 
channels 212, Execution Units (EUs) 214, an output DMA 216, and LIP interfaces 218. 

[0021] As described earlier, PPA 106 is configured to process packet signals. More 

particularly, a packet is first received through LIP interface 202. Input DMA 204 is configured to 

create a descriptor of the received packet. This descriptor is then stored in input-descriptor queue 

206. As will be described in greater detail below, input DMA 204 also obtains from FMG 210 

the location of available space in memory (i.e., free memory), then stores the packet in memory. 

EUs 214 then access the stored packet using the descriptor stored in input-descriptor queue 206. 

The retrieved packet is then processed by EUs 214 in accordance with software instructions 

loaded on EUs 214. After the packet is processed, EUs 214 create an output descriptor for the 

packet. EUs 214 then write the output descriptor into a queue in output DMA 216. The packet is 

then sent out through LEP interface 218. For a more detailed description of output DMA 216 see 

> 

U.S. Patent Application Serial No. 09/740,669, entitled "Scheduler for a Data Memory Access 
Having Multiple Channels", filed on December 18, 2000, the entire content of which is 
incorporated by reference. 

[0022] As described above, LP interfaces 202 can be configured to receive packets. In one 
embodiment of the present invention, LIP interfaces 202 operate at about 16 bits every 200 
megahertz. Additionally, although four LIP interfaces 202 are depicted in Fig. 2, it should be 
recognized that PPA 106 can include any number of LIP interfaces 202 depending on the 
particular application. 

[0023] As also described above, packets are stored in memory. It should be recognized, 
however, that various information (e.g., forwarding tables, the software program executed on 
EUs 214, and the like) can also be stored in memory, 
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[0024] As depicted in Fig. 2, in one exemplary embodiment of the present invention, PPA 106 
includes four memory channels 212. Each memory channel 212 can be connected to any number 
of memory devices, which can be physically located on line card 100 (Fig. 1) but not directly on 
PPA 106. For example, in the present embodiment, each memory channel 212 is connected to a 
plurality of Dynamic Random Access Memories (DRAMs). More particularly, these DRAMS 
can include 100 megahertz DDR (Double Data Rate) SDRAMs (Synchronized DRAMs). It 
should be recognized, however, that various memory devices running at various speeds can be 
used. 

[0025] In the present embodiment, PPA 106 can also include memory controller 208. Memory 
controller 208 can be configured to communicate with various blocks in PPA 106 (e.g., input 
DMA 204, FMG 210, EUs 214, output DMA 216, and the like) to provide access to memory. 
For the sake of clarity, in Fig. 2, memory controller 208 is depicted as a single block separate 
from memory channels 212. It should be recognized, however, that a separate memory controller 
208 can be dedicated to each memory channel 212. Additionally, it should be recognized that 
memory controller 208 can be located within each memory channel 212. 

[0026] In accordance with one aspect of the present invention, packets are stored in memory in 
256-byte increments called Memory Data Units (MDUs). Additionally, in one embodiment, 
about 128 megabytes of memory are dedicated to storing MDUs, which is equivalent to about 
half a million MDUs. It should be recognized, however, that packets can be stored in any 
increments. It should be further recognized that any amount of memory space can be dedicated 
to storing packets. 

[0027] As described above, when input DMA 204 receives a packet, it stores the packet in 
memory. More particularly, input DMA 204 obtains from FMG 210 free MDUs to store the 
packet in memory. Accordingly, FMG 210 is configured to keep track of which MDUs are free 
and which are being used. As described earlier, an MDU is 256-bytes long. If a packet is longer 
than 256-bytes, then input DMA 204 allocates the appropriate number of additional MDUs to 
store the packet. Input DMA 204 then creates a link list of MDUs. 
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[0028] As described above, input DMA 204 also creates a descriptor for each packet. Input 
DMA 204 then stores the descriptor in input-descriptor queue 206. In one embodiment of the 
present invention, the descriptor is about 64-bits (i.e., 8-bytes) long and includes fields such as 
location of the first MDU for the packet in memory, length of the packet, and the like. It should 
be recognized, however, that a descriptor can be any length and can include any number and type 
of fields. 

[0029] As described above, EUs 214 retrieve the stored packet and process it. More 
particularly, EUs 214 read a descriptor out of input-descriptor queue 206. EUs 214 then retrieve 
the packet from memory using the descriptor. For example, EUs 214 can read the descriptor for 
a pointer to the first MDU containing the packet. EUs 214 can read the header of the packet, 
parse it, and classify the packet. EUs 214 can then modify certain fields of the packet before 
sending out the packet. In one embodiment of the present invention, EUs 214 include 16 
Reduced Instruction Set Computer (RISC) processors. For a more detailed description of EUs 
214 see U.S. Patent Application Serial No. 09/740,658, entitled "Cache Request Retry Queue", 
filed on December 18, 2000, the entire content of which is incorporated by reference. It should 
be recognized, however, that EUs 214 can include any number and types of processors. 
Additionally, it should be recognized that EUs 214 can execute various software programs to 
process the packets in various manners. 

[0030] As described above, when the packet is to be sent out, EUs 214 create an output 
descriptor, which can be based on the initial descriptor created for the packet. This output 
descriptor is written to a queue in output DMA 216, which then sends the packet out on LIP 
interfaces 218. 

[0031] As described above, when a packet is received on LIP interfaces 202, input DMA 204 
allocates free MDUs from FMG 210 to store the packet in memory channels 212. As also 
described above, when a packet is sent out on LEP interfaces 218, output DMA 216 de-allocates 
the used MDUs from FMG 210. Accordingly, FMG 210 is configured to track free and used 
MDUs in memory channels 212. 



6 



[0032] In the following description, input DMA 204 will be referred to as line-input block 
(LIN) 204. Additionally, output DMA 216 will be referred to as line-output block (LOP) 216. It 
should be recognized, however, that input DMA (LIN) 204 and output DMA (LOP) 216 can be 
referred to using any convenient term. 

[0033] With reference now to Fig. 3, FMG 210 is shown in greater detail. In accordance with 
one exemplary embodiment of the present invention, FMG 210 includes a global cache 302 and a 
plurality of DRAM Channel Caches (DCCs) 304. More particularly, in the configuration 
depicted in Fig. 3, FMG 210 includes four DCCs 304 (i.e., 304-0, 304-1, 304-2, and 304-3). It 
should be recognized, however, that FMG 210 can include any number of DCCs 304. 

[0034] As further depicted in Fig. 3, FMG 2 1 0 can be connected to memory channels 2 1 2 
through a bus 306. It should be recognized, however, that FMG 210 can be connected to memory 
channels 212, either directly or indirectly, in any convenient manner. 

[0035] In the present embodiment, DCCs 304 of FMG 210 are associated with memory 
channels 212. More particularly, DCC 304-0, 304-1, 304-2, and 304-3 are associated with 
memory channels 212-0, 212-1, 212-2, and 212-3, respectively. It should be recognized that 
DCCs 304 and channels 212 can be associated in any number of configurations. 

[0036] With reference now to Fig. 4, DCCs 304 are shown in greater detail. In accordance with 
one exemplary embodiment of the present invention, each DCC 304 includes a plurality of bank 
caches 402. In the configuration depicted in Fig. 4, each DCC 304 includes four bank caches 
402. More particularly, DCC 304-0 includes bank caches 402-0 to 402-3. DCC 304-1 includes 
bank caches 402-4 to 402-7. DCC 304-2 includes bank caches 402-8 to 402-1 1. DCC 304-3 
includes bank caches 402-12 to 402-15. It should be recognized, however, that DCCs 304 can 
include any number of bank caches 402. 

[0037] With continued reference to Fig. 4, memory channels 212 are shown in greater detail. 
As described earlier, memory channels 212 can be connected to memory devices, such as RAMs, 
DRAMs, and the like. In one exemplary embodiment of the present invention, these memory 
devices are configured as four logical-memory banks 410 within each memory channel 212. 
More particularly, memory channel 212-0 includes memory banks 4 1 0-0 to 4 1 0-3 . Memory 
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channel 212-1 includes memory banks 410-4 to 410-7. Memory channel 212-2 includes memory 
banks 4 1 0-8 to 4 1 0- 1 1 . Memory channel 2 1 2-3 includes memory banks 4 1 0- 1 2 to 4 1 0- 1 5 . It 
should be recognized, however, that memory channels 212 can include any number of memory 
banks 410. 

[0038] As noted earlier, for the sake of convenience, in Fig. 2, memory controller 208 was 
depicted as a single block separate from memory channels 212. But it was noted earlier and as 
now depicted in Fig. 4, each memory channel 212 can include a separate memory controller 208. 
More particularly, memory channels 212-0, 212-1, 212-2, and 212-3 can include memory 
controllers 208-0, 208-1, 208-2, and 208-3, respectively. It should be recognized, however, that 
any number of memory controllers 208 can be associated with any number of memory channels 
212. 

[0039] As described earlier, DCCs 304 are associated with memory channels 212. In 
accordance with one aspect of the present invention, bank caches 402 in DCCs 304 are associated 
with memory banks 410 in memory channels 212. More particularly, bank caches 402-0 to 402-3 
in DCC 304-0 are associated with memory banks 410-0 to 410-3 in memory channel 212-0, 
respectively. Bank caches 402-4 to 402-7 in DCC 304-1 are associated with memory banks 410- 
4 to 410-7 in memory channel 212-1, respectively. Bank caches 402-8 to 402-1 1 in DCC 304-2 
are associated with memory banks 410-8 to 410-1 1 in memory channel 212-2, respectively. 
Bank caches 402-12 to 402-15 in DCC 304-3 are associated with memory banks 410-12 to 410- 
15 in memory channel 212-3, respectively. It should be recognized, however, that bank caches 
402 can be associated with memory banks 410 in various configurations. 

[0040] As described earlier, in accordance with one aspect of the present invention, packets are 
stored in memory in 256-byte sized increments called MDUs. With reference now to Fig. 5, 
packets are stored as MDUs at memory addresses within each memory bank 410. As depicted in 
Fig. 5, each memory bank 410 includes a free list 502 that includes entries 504. In one 
exemplary embodiment, each entry 504 is 32 bits and is configured as a pointer to an address in 
memory bank 410. For example, assume that entries 504-15 and 504-16 point at memory 
addresses 518 and 520, respectively, in memory bank 410. As alluded to earlier, memory 
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addresses 518 and 520 are 256-bytes apart to define an MDU. Accordingly, if memory address 
518 is 300 hex, then address 520 is 400 hex. 

[0041] As alluded to earlier, when PPA 106 (Fig. 2) is initialized and/or configured, the amount 
of memory to be dedicated to storing packets can be determined. At this time, free list 502 can 
be created by the software program running on EUs 214 (Fig. 2). 

[0042] As described above, each entry 504 in free list 502 points to an MDU. As such, a free 
MDU can be allocated by writing an entry 504 as an entry 508 in bank cache 402 in DCC 304 
(Fig. 4), which is then written as an entry 518 in global cache 302 in FMG 210. This entry can 
then be allocated by FMG 210 as a free MDU. 

[0043] In accordance with one aspect of the present invention, free MDUs are allocated using a 
stack-based caching scheme. More particularly, as depicted in Fig. 5, each bank cache 402 can 
be configured as a stack of entries 508. In one exemplary embodiment, bank cache 402 includes 
32 entries 508 (i.e., entries 508-0 to 508-31). Each entry 508 is 32-bits wide. It should be 
recognized, however, that bank cache 402 can include any number of entries and each entry can 
be any number of bits wide. 

[0044] Assume for the sake of example that entry 508-0 defines the top and entry 508-3 1 
defines the bottom of bank cache 402. As entries 504 are written from free list 502 as entries 508 
in bank cache 402, they are written from bottom to the top of bank cache 402. As entries 508 are 
written, a bank-cache pointer 512 ascends up bank cache 402. Also assume that as entries 504 
are read from free list 502, a free-list pointer 506 descends down free list 502 from entry 504-0 
toward 504-N. Accordingly, when an entry is written from free list 502 into bank cache 402, 
free-list pointer 506 descends one entry in free list 502 and bank-cache pointer 512 ascends one 
entry in bank cache 402. For example, if entry 504-14 is written to entry 508-18, then free-list 
pointer 506 descends to entry 504-15 and bank-cache pointer 512 ascends to entry 508-17. It 
should be recognized, however, that entries 504 and 508 can be written and read in any direction. 

[0045] As depicted in Fig. 5, global cache 302 includes 16 entries 518 (i.e., entries 518-0 to 
518-15). Also, in the present embodiment, each entry 518 is 32-bits wide. It should be 
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recognized, however, that global cache 302 can include any number of entries and each entry can 
be any number of bits wide. 

[0046] Assume for the sake of example that entry 5 1 8-0 defines the top and entry 518-15 
defines the bottom of global cache 302. In the present embodiment, entries 518 are read from the 
top and written to the bottom of global cache 302. For example, assume that entry 5 1 8-0 has 
been read from global cache 302, meaning that a free MDU has been allocated by FMG 210. 
Entry 508-18 can then be read from bank cache 402 and written to entry 518-15 in global cache 
302. It should be recognized, however, that entries 518 can be written and read in any direction. 

[0047] As depicted in Fig. 5, bank cache 402 includes a lower threshold 516. As entries 508 
are read from bank cache 402 and written to global cache 302, bank-cache pointer 512 descends 
bank cache 402. As such, entries 508 are read from the current top of bank cache 402. When 
pointer 512 reaches lower threshold 516, then a block of entries are read from free list 502 and 
written to bank cache 402. In the present embodiment, lower threshold 516 can be set equal to 
the number of entries in the block that is read from free list 502 and written to bank cache 402 
when lower threshold 516 is reached less one entry. For example, when lower threshold 516 is 
reached, a block of 8 valid entries can be read from free list 502 and written to bank cache 402. 
As such, in this example, lower threshold 516 can be set equal to 7 valid entries. It should be 
recognized, however, that the number of entries in the block read from free list 502 and written to 
bank cache 402 can vary depending on the particularly application. Additionally, lower threshold 
516 can be set equal to any number of entries. 

[0048] As described earlier, FMG 210 keeps track of MDUs that are de-allocated. With 
reference to Fig. 2, MDUs are de-allocated by LOP 216 after sending out a packet or a portion of 
a packet on LIP interfaces 218. More particularly, LOP 216 communicates with memory 
controller 208 and the de-allocated MDU is marked "modified" or "dirty". With reference now 
to Fig. 5, the address associated with the de-allocated MDU is written back to bank cache 402. 
As described earlier, entries are written to the current top of bank cache 402. For example, as 
depicted in Fig. 5, bank-cache pointer 512 indicates the current top of bank cache 402. As such, 
in the configuration depicted in Fig. 5, a new entry is written to entry 508-18, then bank-cache 
pointer 512 ascends to entry 508-17. 
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[0049] As further depicted in Fig. 5, bank cache 402 includes an upper threshold 514. When 
bank-cache 512 reaches upper threshold 514, a block of entries are read from bank cache 402 and 
written to free list 502. In the present embodiment, upper threshold 514 can be set equal to the 
maximum number of entries in bank cache 402 less the number of entries in the block that is read 
at one time from bank cache 402 and written to free list 502. For example, when upper threshold 
514 is reached, a block of 8 entries can be read from bank cache 402 and written to free list 502. 
As such, in this example, upper threshold 514 can be set equal to 24 entries. It should be 
recognized that the number of entries in the block read from bank cache 402 and written to free 
list 502 can vary depending on the particularly application. Additionally, upper threshold 514 
can be set equal to any number of entries. 

[0050] In accordance with one aspect of the present invention, with reference to Fig. 4, logic 
block 414 in bank cache 304 is configured to keep track of the status of the entries (valid, 
modified, dirty, and the like) and their age. More particularly, in the present embodiment, each 
PCC 304 (i.e., PCC 304-0 to 304-3) can be configured with a logic block 414 (i.e., logic blocks 
414-0 to 414-3). With reference to Fig. 5, when upper threshold 514 is reached, a block of the 
oldest modified or dirty entries are read from bank cache 402 and written to free list 502. For 
example, upper threshold 514 can be set at 24 modified or dirty entries. As such, when there are 
24 or more modified or dirty entries in bank cache 402, eight of the oldest modified or dirty 
entries can be written to free list 502. 

[0051] By using this stack-based caching scheme, accessing of memory bank 410 can be 
reduced. In fact, when the allocation and de- allocation of MDUs reaches a steady state (i.e., the 
number of allocations and de-allocations stays within the bounds defined by upper threshold 514 
and lower threshold 516), accessing of memory bank 410 can be reduce and may even be 
eliminated. This can increase the speed and efficiency of PPA 106 (Fig. 2). 

[0052] In Fig. 5, a single bank cache 402 and memory bank 410 are depicted. It should be 
recognized, however, that each bank cache 402 in DCCs 304 (Fig. 4) and each memory bank 410 
(Fig. 4) can utilize the stack-based caching scheme described above and depicted in Fig. 5. 
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[0053] Thus, with reference to Fig. 4, each bank cache 402 (i.e., 402-0 to 402-15) writes to 
global cache 302. More particularly, each DCC 304 includes a read block 412 (i.e., 412-0, 412-1, 
412-2, and 412-3) that writes to global cache 302. 

[0054] Additionally, in accordance with one aspect of the present invention, entries written to 
global cache 302 are distributed between DCCs 304 and between bank caches 402 within each 
DCC 304. As such, the allocation of MDUs is distributed between memory channels 212 and 
between memory banks 410 within each memory channel 212. 

[0055] For example, assume that entries 5 1 8-0 to 5 1 8- 1 5 (Fig. 5) are distributed between DCCs 
304 and between bank caches 402 in the following manner. Entry 518-0 (Fig. 5) was read from 
bank cache 402-0 from DCC 304-0. Entry 518-1 (Fig. 5) was read from bank cache 402-4 from 
DCC 304-1. Entry 518-2 (Fig. 5) was read from bank cache 402-8 from DCC 304-2. Entry 518- 
3 (Fig. 5) was read from bank cache 402-12 from DCC 304-3. Entry 518-4 (Fig. 5) was read 
from bank cache 402-1 from DCC 304-0. Entry 518-5 was read from bank cache 402-5 from 
DCC 304-1. Entry 518-6 (Fig. 5) was read from bank cache 402-9 from DCC 304-2. Entry 518- 
7 (Fig. 5) was read from bank cache 402-13 from DCC 304-3. Entry 518-8 (Fig. 5) was read 
from bank cache 402-2 from DCC 304-0. Entry 518-9 (Fig. 5) was read from bank cache 402-6 
from DCC 304-1. Entry 518-10 (Fig. 5) was read from bank cache 402-10 from DCC 304-2. 
Entry 518-11 (Fig. 5) was read from bank cache 402-14 from DCC 304-3. Entry 518-12 (Fig. 5) 
was read from bank cache 402-3 from DCC 304-0. Entry 518-13 (Fig. 5) was read from bank 
cache 402-7 from DCC 304-1. Entry 518-14 (Fig. 5) was read from bank cache 402-1 1 from 
DCC 304-2. Entry 518-15 (Fig. 5) was read from bank cache 402-15 from DCC 304-3. 

[0056] In this manner, the reduction in access time to memory banks 410 associated with 
consecutively accessing the same memory bank 410 within too short a period of time can be 
reduced. This again can help increase the speed and efficiency of PPA 106 (Fig. 2). Although 
the distribution of entries in global cache 302 was sequential in the above example, it should be 
recognized that various distribution scheme can be utilized. Additionally, if there are no 
available free MDUs in a particular memory bank 410, then the bank cache 402 associated with 
that memory bank 410 can be skipped. 



12 



[0057] With reference now to Fig. 2, thus far, MDUs have been described as being allocated to 
LIN 204. It should be recognized, however, that other components of PPA 106 can use MDUs. 
For example, EUs 214 can create packets, such as control packets. EUs 214 can then request 
MDUs from FMG 210 to store these packets in memory. 

[0058] With reference to Fig. 5, free list 502 was described as containing addresses for MDUs 
in memory bank 410 (Fig. 4). As described above, an MDU is 256 bytes in length. In 
accordance with one aspect of the present invention, MDUs are also 256-byte aligned such that 
their addresses are divisible by hex 100. As such, an MDU can be stored at an address hex 100, 
200, 300, 400, and the like. But an MDU can not be stored at an address hex 150. Accordingly, 
the last eight bits of an MDU address (i.e., entries 504 in free list 502) are zeros. As such, in one 
exemplary embodiment, these last eight bits are replaced with a magic pattern, such as a hex A5. 
In this manner, free file 502 can be verified by looking for this magic pattern. 

[0059] Although the present invention has been described in conjunction with particular 
embodiments illustrated in the appended drawing figures, various modifications can be made 
without departing from the spirit and scope of the present invention. Therefore, the present 
invention should not be construed as limited to the specific forms shown in the drawings and 
described above. 
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